. The objectives were to improve the HL-A matching of donors and recipients of renal transplants and to assess the influence of the HL-A system on graft survival. The preliminary results of this investigation over the first 18 months are presented in this communication. The cadaver kidneys transplanted during this period totalled 162. The donors and recipients were tissue typed for 16-22 HL-A antigens by microlymphocytotoxicity techniques. Blood group and tissue typing information on the patients from the cooperating centres was stored on tape for use on the Elliot 803 computer at The London Hospital. The best available recipients for any given donor were selected and arrangements made for transfer to the recipients of the cadaver kidneys. If no suitably matched recipient was found reference was made to Eurotransplant (Leiden), Scandiatransplant (Arhus), and Francetransplant (Paris). Results: Of the original 162 transplants, 128 patients were able to rely completely on their transplanted kidneys without recourse to dialysis for at least 7 days after transplant. Of these patients, 39 received well matched transplants (i.e. had 3 or 4 antigens in common, designated Groups '3' and '4'), 50 received 'poorly matched' transplants (i.e. 0, 1 or 2 donor antigens in common with the recipients, net histocompatibility ratio (Rapaport & Dausset 1970 ) -NHR <0-361, designated Group 2B). A further 39 patients received slightly better matched kidneys (1 or 2 antigens in common NHR 0-361-0-66, designated Group 2A). The assessment of the influence of HL-A matching on transplant survival was made over a six-month post-transplant period. In the well matched group all those completely matched for 4 HL-A antigens had functioning kidneys; of those patients with 3 antigens in common (one definite or possible incompatibility) the actuarial fraction surviving was 0-83, In Group 2B, the actuarial fraction surviving was 0 59, and in Group 2A, 0-68. Although these results are statistically significant (well matched (Groups 3 and 4) versus poorly matched (Group 2B)-P <0 01), a more prolonged follow-up period is required to establish whether this level of matching is sufficient to prevent late chronic rejection. It is accordingly felt that collaborative schemes such as this are worthwhile, especially since more than 50% of the recent transplants were carried out at the superior level of matching.
[The data presented here are abstracted from .] Mr Grant B Williams and Miss Elizabeth M Gordon (Fulham Hospital, London W6)
Renal Preservation
During the last few years, a cooperative scheme has be-n developed in Northern Europe, to try to eliminate wastage of donor kidneys by providing a greater number of possible recipients, and to endeavour to obtain more accurate matching of donor and recipient tissues. The transport of such kidneys, even over relatively short distances in the United Kingdom, remains a problem, as the chances of return of function to the donor kidney depend, among other factors, on time lost in transport, on surgical attention to the kidney, and also on the conditions under which the kidney is held during transport.
The usual technique of kidney preservation used at the present moment in the cooperative scheme is that of Brunius et al. (1967) in which the freshly excised kidney is washed through with Rheomacrodex 10% at 4°C and then filled with 10% fructose, frcshly buffered with 1-4% sodium bicarbonate, also at 4°C. The kidney is then placed in a plastic bag before being put in an insulating container. We use polystyrene boxes which are cheap and satisfactory for this purpose as they keep ice for 24 hours. We have reviewed the function of 148 transplanted human kidneys, about 80% of which were preserved by this technique. The remainder were similarly treated, but with minor differences in the details. Table 1 shows kidney function related to total ischmmia time. In what should be (on account of shortest total ischTmia time) the high success group, there was a very high failure rate; nearly 30% (10 out of 36) kidneys never functioned. The under 8-hour groups included a good percentage with immediate function, and the earliest onset of diuresis. The 6-8 and 8-10-hour groups showed no difference in the time of recovery from tubular necrosis. At 6 weeks and 3 months there were no statistical differences between any of the groups. Function in kidneys which were ischmmic for more than 13 hours was not so good as that in other kidneys.
In order to examine more closely the effects of warm ischmmia on these kidneys we divided the warm ischmmia time arbitrarily into: less than 60 minutes, 60-100 minutes, and over 100 minutes. In the over 100 minutes group (Table 2) In the third group (Table 2) , those with a warm ischemia period of less than 60 minutes, it is surprising that 38-5% (10 out of 26) were not functioning at 3 months, and the highest failure rate was in the predicted best group -6 out of 8 kidneys failed in spite of a total ischwmia time of less than 6 hours. On reflection, allowing about 30 minutes to revascularize a kidney, it seems that many of these 'short warm ischmmia time' kidneys must be removed very rapidly, and that the poor results in this group could be explained by this haste and unnecessary traction on the renal vessels, which is known to cause vascular spasm and even rupture of the intima.
Bearing these results in mind, and being aware that there are few good results in kidneys undergoing over 13 hours ischwmia, we have directed our efforts at improving the present techniques in general use. Fig 1 shows the course of the plasma creatinine in a series of dogs in which a kidney was excised, and perfused with Collins C4 solution (Collins et al. 1969) , which contains a high potassium content and is intended Contralateral nephrectomy was carried out immediately after the transplanted kidney had been revascularized. The continuous line in Fig 1 shows the course of the mean plasma creatinine in 6 dog allografts preserved for 16-18 hours; rejection occurred at 5-7 days, and accounts for the rise in plasma creatinine at this time. The broken line shows plasma creatinine in 6 dog autografts preserved for 24 hours; these 6 dogs survived, although the mean creatinine remained high. The plasma creatinine in these autografts can be compared with that of the allografts in the period before rejection. Thus by the Collins method kidneys can be preserved for quite long periods of time; but one week after operation plasma creatinine in an animal receiving a kidney held by this technique for 18 hours was higher than in the normal dog. If the contralateral nephrectomy was delayed, a high plasma creatinine peak occurred (Fig 2) , but the preserved kidney opened up 2 days later; by day 19 the plasma creatinine was 2 mg/100 ml, later falling to 1-5 mg/100 ml. Retaining the contralateral kidney is comparable to intermittent dialysis in the human patient. From this experiment we concluded that it is possible to preserve a viable kidney for 24 hours, and that the kidney can recover its function. However, nothing is known at the time of transplantation about the state of the kidney; one has to wait and see if the kidney opens up in order to prove that it was initially viable.
In a further experiment (Fig 3) , an excised dog kidney was washed through using Gelin's technique and left in ice for 31 hours; it was then perfused on a Belzer machine for 17 hours, flushed again with Gelin's solutions, and left on hours. From the perfusion characteristicspressure 60/20 mmHg, flow rate 80 mil/min -it was predicted that this kidney would perform well after transplantation. There was an initial rise in plasma creatinine, but by 9 days the kidney functioned well.
The Belzer perfusion preservation method (Belzer et al. 1967 ) is designed to perfuse 2 kidneys with reconstituted cryo-precipitated plasma cooled to 8-12°C. The plasma flows between the two pairs of outer layers of a membrane oxygenator, gassed with air, and of a total surface area of 1,600 cm2. The perfusate passes through a pulsatile pump and pulse damper before entering the kidney via the renal artery cannula. It is preferable to use as large a cannula as possible, since small ones produce a jet effect; in dogs the 3 mm size is usually satisfactory. The vein and ureter are not cannulated. The plasma is prepared by the Sartorius or by the Millipore filtration system, in which lipoprotein fractions down to 0-22 ,um are removed, after rewarming frozen plasma. This perfusion system has enabled us to hold dog kidneys for up to 72 hours before reimplanting them, and such kidneys have been able to function satisfactorily.
Fig 4 portrays the history of a human kidney. After removal from the donor at a hospital some distance away, the kidney was flushed, using Gelin's technique, and kept in ice for 6 hours; a recipient was not immediately available, and the kidney was therefore perfused on a Belzer machine for 11 hlours; it was flushed again by the Gelin technique, and transported from London to Sheffield, being in ice for a further 31 hours; total ischaemia time was almost 22 hours. Intermittent hemodialysis was required, but by day 18 urinary output improved satisfactorily and blood urea and plasma creatinine fell. Fig 5 illustrates the history of a kidney obtained from a man of 62, who had had Ij hours external cardiac massage before death. The kidney was placed on the Belzer pump as it was not certain whether the kidney would be suitable for human transplantation. It perfused well, so after 2 hours it was transferred to Belfast, where it began to produce urine 6 days after revascularization; by the ninth day the recipient's blood urea and serum creatinine were beginning to fall.
In conclusion, we would recommend careful dissection of the donor kidney, avoiding traction on the vascular pedicle. Collin's solution is a perfusion fluid which may be of value in holding kidneys for longer periods than those obtained with the fluids at present in use. It is quite possible to maintain viability of a kidney by extra corporeal cold perfusion with a Belzer machine, and it is also possible to predict the performance of such a kidney by its appearance and behaviour in such an apparatus.
